For food intakes to be converted into nutrient intakes a measure or estimate of the amount of food consumed is required. A number of methods have been developed to assist subjects in providing an estimate of portion size. Children's ability to use perception, conceptualisation and memory skills to estimate food portion size has not been investigated systematically. The aim of the present study was to test the effect of the timing of a dietary interview on the accuracy of estimates of food portion sizes made by children, using food photographs, food models and an interactive portion size assessment system, developed for use with children and based on portion sizes of foods consumed by children. Children (n 108) aged 4-14 years were supplied with known quantities of foods and asked to estimate the portion size of each food using each of the three portion size assessment tools. Interviews took place (a) with the food in view, (b) just after the child had eaten the food or (c) 24 h after the child had eaten the food. There were no significant differences in children's ability to estimate food portion size (either as served or as eaten) with timing of interview. That is, children were as accurate in their estimates of portion size 24 h after consuming the food as when the food was in view. Under these conditions many children were able to estimate food portion size utilising perception, conceptualisation and memory skills.
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Portion size estimation: Children: Interview timing
Assessing nutrient intake at the individual level requires determination of portion size for each food consumed. Weighing all foods consumed places a large burden on the subject and often results in under-reporting of food intake 1 . Alternative methods to weighing have been developed including those that rely on subjects' estimates of portion size. Tools are available to assist the subject in this estimation such as food photographs, food replicas and food models 2 -4 . However, the application of these tools in improving portion size estimation by children has not been investigated systematically 5 . In addition to the problems encountered with adults completing dietary assessment studies such as motivational issues, subject recording bias and subject selection bias, when children are the subjects literacy, writing skills, limited food recognition skills, memory constraints and concentration span are further issues.
In subjects where memory is a concern the time delay between the subject consuming the food and reporting the consumption may be critical. However, there has been little investigation into the effect on the accuracy of estimates of the length of time between consuming a food and estimating portion size. Indeed there has been limited research into the effect of time delay on the accuracy of reporting of the type of foods consumed. Smith et al. 6 investigated the ability of adults to recall food items consumed with increasing time intervals between consuming the food and reporting the consumption. The length of time between consuming and reporting the foods investigated were much longer than would usually be used in a dietary recall. Subjects were asked to record their total dietary intake for either 2 or 4 weeks. The subjects were then invited to return either at the end of the recording period or 2, 4 or 6 weeks after the end of the recording period and were asked to recall all items consumed during the recording period without the aid of the record. Not surprisingly the authors reported a decrease in the number of positive matches and an increase in the number of foods reported but not recorded with increased time interval. Armstrong et al. asked adult subjects to keep a record of all food and drinks consumed during a 24 h period and to return after 1, 2, 4 or 8 d to report orally the foods consumed during the recording period. The time intervals tested by Armstrong et al. 7 are more likely in dietary interviews than the periods of several weeks tested by Smith et al. 6 . Again there was a decrease in the accuracy of reporting with an increased time interval.
Subjects correctly reported 92 % of foods consumed 1 d after recording but this dropped with increasing time interval to 86 % after 2 d, 81 % after 4 d and 78 % after 8 d. Both omissions and intrusions (foods reported as consumed which did not appear on the record of intake) increased steadily as the time interval between consuming and recalling the food increased. Even 1 d after recording, 75 % of subjects omitted at least one food from the recall and 23 % of subjects reported foods which were not recorded on the record of intake. This level of error for adults reporting intake soon after consumption suggests a short time interval would be essential to obtain accurate reports of intake from children. Note, however, that this is not true validation since it relies on subjects' initial records of the foods consumed and it is possible that some of the intrusions were valid reports of foods which were consumed but which the subject omitted to report in the original record of intake. Furthermore, the accuracy of reports in a 'real-life' recall of intake is likely to be lower as the act of recording the intake may enhance the subsequent recall of the foods consumed.
If food items can be forgotten in such a short period of time, it is likely that retention of information on the portion sizes consumed will be even poorer. A study which validated 9-10-year-old children's estimates of food portion size against observer assessment found estimates made during a 24 h recall were more accurate than estimates made during a FFQ, covering the past 5 d, or dietary record interview, covering the previous 3 d 8 . The authors suggest this difference was due to the short time interval between consuming and reporting the food. Frobisher & Maxwell 9 examined the ability of adults and children to estimate the portion sizes of foods which they had served themselves either just after having seen the food, or 3 to 4 d after having seen the food. For this study the food was not consumed. They did not find any important differences in ability to estimate portion size using food photographs 4 whether estimates were made just after having seen the food or 3 to 4 d later. As subjects estimated the amount of food just after seeing it and were then recalled 3 to 4 d later to provide a portion size estimate for that same food the authors noted that the subject may have just been recalling their previous response rather than conceptualising the actual portion of food 9 . The use of portion size assessment tools when used during a 24 h recall interview or food diary interview relies on three cognitive processes: perception, conceptualisation and memory. Perception (as related to portion size assessment) can be defined as the ability to relate an amount of food that is present in reality to an amount depicted in a portion size assessment tool. Conceptualisation is a subject's ability to make a mental construct of an amount of food which is not present in reality.
Method
The aim of the present study was to assess the effect of timing on perception, conceptualisation and memory on the ability of children to estimate food portion size using three portion size assessment tools.
Ethical approval for the study was granted by the Newcastle and North Tyneside Health Authority. Two primary schools and one secondary school were recruited to take part in the study. A recruitment letter detailing what the study involved was sent to the parents of all children attending each school and parental consent was sought for participation in the study.
Three portion size assessment tools were developed. These were food photographs, food models and an interactive portion size assessment software (IPSAS) package. All three tools were developed for use with children and based on portion sizes consumed by children. Full details of tool development are given elsewhere 10 . Children were asked to quantify foods using each of the portion size assessment tools.
The effect of perception, conceptualistion and memory on children's ability to estimate portion sizes using the three tools was assessed using three interview types:
(1) 'Food in front' (FIF) interview. Children's perception of food portion size was tested by the FIF interview. For this interview plates of food of known weights were prepared and the children were asked to estimate the amount of food in front of them using one of the three portion size assessment tools. (2) 'Just after eating' (JAE) interview. Children's perception and conceptualisation of food portion size was tested by the JAE interview. For this interview children were asked to eat foods of known weights and any leftovers were weighed. Within 30 min of consuming the food the children were asked to estimate the amount of food that they had been served and the amount they had left. (3) '24 h Recall' interview. Children's perception, conceptualisation and memory of food portion size were tested by the 24 h recall interview. For this interview children were asked to eat foods of known weights and any leftovers were weighed. The following day the children were interviewed and asked to estimate the amount of food that they had been served and the amount they had left.
Children aged 4-16 years were included in the study, subdivided into four age groups; 4-6 years, 7-10 years, 11-14 years and 15 -16 years.
In order for all children in the study to complete all interview types with each of the three tools each child would need to have been fed six times and interviewed nine times. This was not deemed as likely to be acceptable for either the children or the participating school. A randomised incomplete block design was used so that each child completed only five interviews but all combinations of interview type and tool were equally represented over the whole study and administered in a randomised order.
The foods selected to be included in the study were foods commonly consumed by children. The foods were selected using information available on the food choices of children. The principal data source was the National Diet and Nutrition Survey: young people aged 4 to 18 years 11 . Foods of a variety of appearances, consistencies and textures were selected for inclusion in the study. They were foods commonly consumed by all of the age groups included in the study, excluding those which are generally presented in predefined amounts (such as individual portion packs). They included beverages and liquid foods (milk and orange squash), uniform solid foods of undefined portion size (cheese), mixed-texture foods (baked beans), foods served in distinct pieces (chips) and single-item foods (fruit).
Twelve foods were selected for testing to be provided to the children as three meals:
Breakfast: cornflakes, milk and sugar; Lunch:
sausage, baked beans, chips, ketchup and orange squash; Snack:
apple and cheese sandwich (bread, margarine and cheese, as slices).
The portion sizes presented in the tools were based on the weights of foods consumed by children in the National Diet and Nutrition survey which were calculated as described by Barton et al.
12
. 10 ). The children were served a mixture of small, medium and large portions based on the 25th, 50th and 75th centile, respectively, of weight of food served according to data from the National Diet and Nutrition survey 11 . The data were analysed in two ways:
(1) The child's estimate of the amount of food served was compared with the actual weight of food served with no account of leftovers. (2) The child's estimate of the amount of food they ate (child's estimate of the weight of food served -child's estimate of leftovers) was compared with the actual weight of food consumed by the child.
A multilevel model was used, fitted in MLWin (Institute of Education, University of London, London) 13 . The child was fitted as a random effect and the effects of the tools and test types were assessed using fixed effects.
The outcome variable was successively, (1) the ratio of the amount of food estimated by the child to have been served to the amount actually served, and (2) the ratio of the amount estimated to have been eaten to the amount actually eaten. The former was computed for twelve foods and the latter for eight since it proved impractical to measure the amounts left for the remaining four foods which were those served as a snack. The distribution of ratios is generally skewed and the analysis was therefore performed on the logarithms of the ratios (base 10) and the results presented in terms of ratios of geometric means.
The accuracy and precision of the children's estimates of portion size were assessed by plotting the geometric mean of the ratio of the child's estimate of the amount of food served (or consumed) against the actual weight of the food served (or consumed). The error bars depict the mean plus and 2 2 standard deviations and give a measure of the precision of the estimates. Accuracy is defined as the proximity of the mean of the children's estimates of portion size to the actual weight of the food served. Precision is defined as the variability of individual estimates around the mean.
The purpose of this analysis was to assess the effect of time of interview on the accuracy of estimates. For this reason the data are presented by interview type and by age groups for all foods included in the study. Data for differences by type of assessment tool (food models, food photographs and IPSAS) are not included in the present analysis and have been reported elsewhere 10 .
Results
A total of 108 children aged 4-14 years participated in the study. The aim was to recruit thirty-six children in each of the four age groups (4 -6 years, 7 -10 years, 11-14 years and 15-16 years). This was achieved comfortably in all but the oldest group (Table 1) . Four children who were recruited at age 6 years became age 7 years before completing the study. The 15 -16-year-old children proved difficult to recruit; despite increasing the incentive offered to children taking part (from a £10 voucher to £15) and recruiting a further school to take part, the target number of children was not achieved. No results are presented for estimates by children aged 15 -16 years. Tables 2 and 3 show the accuracy of children's estimates of portion size for FIF, JAE and 24 h recall interviews using all three tools. The ratio is the geometric mean of the ratio of the child's estimate of the portion size of the food to the actual portion size, therefore the closer the value is to 1 the more accurate the estimates. There was a large variation in the accuracy of estimates between types of food. Apples were the most accurately estimated food, the portion size of baked beans and tomato ketchup tended to be underestimated and the portion size of sugar, margarine and cheese all tended to be overestimated. Table 2 shows the differences in portion size estimation ('as served') by interview type and age. Although for individual foods some P values are less than 0·05, the broad picture is that there is little evidence that interview type affects the reported ratio. That is, there is no evidence that children's ability to estimate portion size is significantly different 24 h after eating from just after eating a food or indeed when the food is in view. Of the thirty-six observations, the FIF interview gave the most accurate mean estimate of portion size nine times, the JAE interview nine times and the 24 h interview fourteen times. On four occasions two or more interview types resulted in mean estimates which were of equal accuracy. However, these Table 1 . Subject recruitment and interview completion
Consenting
Interviews completed 6  36  326  147  45  32  160  148  93  7 -10  36  548  244  45  40  200  179  90  11 -14  36  990  125  13  36  180  132  73  Total  144  2533  572  23  108  540  459  85 differences were significant on six occasions where the FIF interview was most accurate and two occasions where the JAE interview and two where the 24 h interview were the most accurate. Table 3 shows the results for the seven foods where it was practical to assess leftovers. As with the analysis on the portion sizes of foods served there is no clear evidence of differences between the interview types. The JAE interview gave the most accurate mean estimate of portion size ten times and the 24 h interview ten times. On one occasion the two interview types resulted in mean estimates that were of equal accuracy. The JAE interview was significantly more accurate than the 24 h recall interview on three occasions. Figs 1 and 2 show that the precision of estimates increases with age as evidenced by the narrowing of the error bars as age increases due to a reduced variability of estimates around the mean. Accuracy also increases with age as the mean ratio of estimated to actual weight of the food moves closer to 1 as age increases (Figs 1 and 2 ). There is no clear pattern for either accuracy or precision related to the timing of the interview.
The accuracy of the different tools is described elsewhere 10 . In brief, significant differences were found between the accuracy of estimates using the three tools. Children of all ages performed well using the IPSAS and food photographs. The accuracy and precision of estimates made using the food models were poor. Estimates of the amount of food served were more accurate than estimates of the amount consumed.
Discussion
Dietary surveys often include an interview at some time after the end of the recording period to clarify what foods were consumed, attempt to uncover any omissions and to assess the portion size of foods consumed. The present study set out to examine the accuracy of children's estimates of portion size when foods were in front of them, compared with JAE the food or 24 h after eating the food. There was no significant difference in children's ability to estimate food portion size (either as served or as eaten) with interview type. That is children were as accurate in their estimates of portion size 24 h after consuming the food as when the food was in front of them. Frobisher & Maxwell 9 also found no significant difference between adults' and children's estimates of portion size whether the estimate was made just after having seen the food or 3-4 d later. However, in
Frobisher & Maxwell's study 9 , as both estimates were made for the same portion of food the subjects may have relied on their memory of their previous estimate rather than their memory and re-conceptualisation of the size of the portion.
For the present study the children were required to attend a number of interviews on separate days to provide estimates of food portion sizes. They were therefore aware, after the first test, that they would be questioned about the portion sizes of the foods they were shown or that they consumed. This and the novel way in which the food was presented (participants were either asked to look at plates of foods or provided with foods to consume in a separate room away from their normal dining hall) is likely to have increased the attention paid by the children to the food and therefore improved memory. Covert observation and weighing of foods consumed by children in their normal environment is challenging but could give a better indication of the likely error with increasing time delay of portion size estimation of 'normal' diet.
The present study has established that, at least at a group level, children are able to estimate food portion size utilising perception, conceptualisation and memory skills although ability varied both across and within each age group. There was no evidence of any difference in mean estimates using 24 h recall when compared with FIF or JAE interviews. An interval of 24 h appears to be a short enough interval between eating and estimating the portion size of a food.
Further tests investigating time intervals of 1, 2, 3 and up to 7 d after consumption with both adults and children, to provide information on how long after eating the information on portion sizes for that particular eating event are retained, are required. JAE, just after eating. * Ratio of the amount estimated to have been eaten to the amount actually eaten. 
